Abstract: Small algae are the trophic basis in both marine and freshwater ecosystems. The identification of tiny microorganisms and place of their origin is laborious but necessary. This paper consists of a literature review of 17 species of planktonic algae, with a discussion of taxonomic problems. We also clarify whether these 17 species are non-native, invasive or cryptogenic species, with an indication whether they had been recognised as 'alien' in Europe. According to our observations, areas colonized by small and alien algal species, were anthropogenically altered. There were: systems with heated waters ('heated islands'), which imitated tropical conditions; highly eutrophic to hypereutrophic water ecosystems, easily colonized by alien species, fishponds with intense fish cultivation, where alien species of fish are/ had been introduced, which carried also other alien organisms; and inland water ecosystems with high salinity or high conductivity e.g. pits inundated by mine waters, imitating sea or brackish conditions acting as hubs of migration of alien species adapted to brackish or saline waters. We have prepared a map showing areas inhabited by alien species, both of documented places and hypothetical ones, where we would expect alien species to occur.
Introduction
Biological invasions can change the structure and function of ecosystems (Strayer 2012) . Invasive organisms 1,2,3 cause ecological impacts on different levels: genetic, individual, population, community, ecosystems, landscape, both at regional and global scale (Lockwood et al. 2007 ). The level of invasions at the regional scale may be quantified as the number of alien species (Pyšek et al. 2010) , because the spread of nonnative species bases on the same mechanisms what invasions in their earlier stages (Lockwood et al. 2007) . Hence knowledge about the occurrence and spread of non-native species is crucial for deriving solutions for potential invasions, changes of biodiversity and proper conservation, both marine and freshwater ecosystems. Such knowledge serves as basis for prediction of changes in water habitats, and the development of conservation methods for proper conditions of water ecosystems.
Since microalgae are the basis of the aquatic food web, changes in algal communities are reflected in the succeeding trophic levels such zooplankton, invertebrates, fish, etc. Therefore, it is important to gather data about the occurrence of alien species of microalgae. The current database of alien and invasive species (e.g., DAISIE http://www.europealiens.org/speciesSearch.do, NOBANIS http://www. nobanis.org/Search.asp, PROTISTS http://protists. gbif.de/protists/) is not sufficient. The information included in the database is not always reliable and can cause misunderstanding and misinterpretation, and needs critical review. The problem of alien and invasive alien species among microalgae is urgent; however our knowledge is still not sufficient. In freshwater ecosystems species from two groups, cyanobacteria and diatoms, are the most often presented as the examples of non-native and invasive microalgae (Padisák 1997; Blanco & Ector 2009; Falasco & Bona 2013) . Today, there are more papers about non-native and invasive algae in Europe but lot of them are publish in local journals or just exist as manuscripts, both of them difficult to find and use.
The aim of the paper is a review of non-native species of microalgae found in inland waters including information on whether they are alien for Europe or not and, if needed, with taxonomical comments.
Based on documented places of existence of alien species in Poland, we have prepared a map of areas, where alien species of microalgae can hypothetically exc 2013 Institute of Botany, Slovak Academy of Sciences ist, but have not been reported so far, because these places have not been investigated yet. Accepting the statement that non-native species possess a broad range of ecological requirements and they are more often found in the human impacted habitats, we suggest that occurrence of alien species might be better predicted all around the world.
Material and methods
The paper is a literature review. Searching for papers and journals we used the most popular scientific bases: ISI Web of Knowledge, Scopus, and Google Scholar. The key words used for searching were following: alien, invasive, cryptogenic, algae, phytoplankton, freshwater, marine, anthropogenic impacted waters. To confirm the place of origination of invasive or alien algae and to compare range of occurrence we used AlgaeBase (Guiry & Guiry 2012 ) The AlgaeBase was used also to check the proper taxonomical position every species. We selected only those papers to which we had no any objections that species were identified correct (e.g., photos were included or the identification was consulted with specialist). For construction of the map (Fig. 1) we used following sources: fish ponds complexes were created after Dobrowolski (1995) and industrial-mining areas after Podemski et al. (1994) and Richling et al. (1995) . Map was created in ArcGIS 10.1 program.
Results
There were chosen 17 species which occurred in Polish inland waters: 7 species belong to cyanobacteria, 2 species belong to green algae, 6 species belong to diatoms, and 2 species belong to dinoflagellate (Tab. 1). The water ecosystems which are hot spots for nonnative species in Poland were shown on the Fig. 1 . They included: 1. Szczecin Lagoon -there are located three harbours, and there is a path between two harbours Szczecin -Świnoujście; 2. Konin Lakes ecosystemswaters of lakes are affected by heated waters as they are used as cooling water for a power station, 3. oxbow lake of the Vistula River affected by municipal and industrial wastes, and heated waters influx from Fertilizer Factory; 4. fishponds in Zator and Spytkowice (Oświęcimska Valley) covering great areas, where alien fish were introduced. Quite a few species presented in the paper were found in those places, e.g., Cylindrospermopsis raciborskii, Coelastrum polychordum, Conti- It is found mostly in the western alpine region (Kaštovský et al. 2010) . Its spreading in lowland waters might indicate fast colonization of different habitat types as was the case in the diatom Didymosphaenia geminata, which currently is an alien invasive species in North America, Australia and New Zealand (Whitton et al. 2009) Piaseczno Lake, which is a highly eutrophic lake in eastern Poland (Krupa & Czernaś 2003) . Hungary, Austria, Italy, Germany, France, Romania, Slovakia, (Grigorszky et al. 2001) , and Czech Republic (Kaštovský et al. 2010) it was found in different parts of the country, mostly in the oxbow lakes (Owsianny & Grabowska 2009; Messyasz et al. 2011 Messyasz et al. ) 2004 In our opinion this is a cryptogenic species or native for Europe Peridinium gatunense Nygaard Australia, New Zealand, Brazil, China and Singapore (Guiry & Guiry 2012) Sweden all around the Poland but especially abundantly in northwestern part of Poland (Owsianny & Grabowska 2009 Alien species in European waters 6 Apart from Gyrosigma fasciola, in that oxbow lake were frequently found invasive species from different groups of organisms: water plant Elodea canadensis, crayfish Orconectes limosus, the Chinese pond musselAnodonta woodiana, a small, left-handed or sinistral, air-breathing freshwater snailPhysella acuta, and fish Ctenopharyngodon idella.
cribra guillardii, Discostella woltereckii, Gyrosigma fasciola (first observations in Poland), and Peridiniopsis kevei. Others species were observed in places close the above mentioned ecosystems.
Discussion
Based on literature review of Polish freshwater ecosystems, we present a map with the documented areas of alien planktonic algal species and a map of areas in Poland with highest probability of existence of alien species (Fig. 1) . The map shows areas where large numbers of alien species from different groups have been observed and the hypothetical areas where alien phytoplankton species may occur due to their ecological requirements, e.g., higher temperature of water, high concentrations of ions etc. Areas that fulfil all requirements and show similarities to different biogeographical regions to be such an hypothetical area exist all around the world and include: -the (originally natural) resource basins (industrial-mining areas, e.g. coal basin, sulphur basin etc.), where after exploitation pits are inundated by mine waters, and generate conditions different from natural ones, promoting the existence of alien species. Such types of waters create conditions similar to brackish or saline waters, and may promote existence of species originated from sea or oceans localities, -lakes, oxbow lakes, rivers affected by heated waters, which may imitate conditions of tropical regions, and may be good places for the 'first visit' of alien species originating from warm ecosystems, -fishponds covering great areas, where aquaculturing has been conducted since the Middle Ages, and where alien fish were introduced, carrying many alien species from different groups, thereby extending the occurrence of alien species (Fig. 1) .
We are aware that the list of alien planktonic algae is not complete. It is difficult to rate microbial species as 'alien'. Sometimes it is more adequate to categorise microbial species as 'cryptogenic', while others need more careful studies of their origin and range of conditions, and many of them need taxonomical revision (see Peridiniopsis kevei, Anabaena minderi, Raphidiopsis mediterranea). Why is it important to conduct studies of alien species? Many of them are found for the first time in the water systems that are under anthropogenic pressure. It is true not only for small planktonic algae, since other studies confirm the same opinion. For example, Pyšek et al. (2010) studied alien plant and insect species, and they found that their highest numbers were found in urban, cultivated or man-made habitats. Some ecosystems are more susceptible to colonisation by alien species (Strayer 2012) and these habitats are anthropogenically impacted Knapp & Kühn (2012) such as ecosystems affected by industrial and municipal wastes, heated waters, aquaculturing, quick rise of trophy because of strong tourist or agriculture pressure etc. Alien species thrive in severely human impacted areas because altered conditions facilitate they dispersal, there is no competition by native species under severely changed habitats, and because invasive species are good colonizers of newly created habitats. We observed the same phenomena: a high number of alien species was found in the anthropogenically impacted systems (see Gyrosigma fasciola, Cylindrospermopsis raciborskii, and Coelastrum polychordum). For the greater part of these species, the described areas may be use as shelter or hubs. When such species is ready to expand its range after an "adapting period", they move to reservoirs with natural water conditions in other regions or countries (e.g. with fry or by birds). This model of expansion is actually observed in other groups of organisms in Poland -e.g. Chinese mussels Sinanodonta woodiana , Najberek et al. 2013 and is likely that it could be also used by algae.
Human impact causes strong changes in aquatic ecosystems, which promote the success of alien species (Dukes & Mooney 1999; Strayer 2012) . Proper selection of types of water habitats which are susceptible for colonisation by alien species may be useful for the assessment of areas at risk of invasion by alien species, of biodiversity and of proper conservation of aquatic habitats.
